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In a randomized, controlled trial (n = 30), we showed that botulinunn toxin injection to the 
glabellar region produces a marked improvement in the symptoms of major depression. 
We hypothesized that the mood-lifting effect was mediated by facial feedback mecha- 
nisms. Here we assessed if agitation, which may be associated with increased dynamic 
psychomotor activity of the facial musculature, can predict response to the treatment. To 
test this hypothesis, we re-analyzed the data of the scales from our previous study on a 
single item basis and compared the baseline scores in the agitation item (item 9) of the 
Hamilton Depression Rating Scale (HAM-D) between responders (n = 9) and participants 
who did not attain response (n = 6) among the recipients of onabotulinumtoxinA (n = 15). 
Responders had significantly higher item 9 scores at baseline [1.56-1- 0.88 vs. 0.33 -I- 0.52, 
f(i3) = 3.04, d= 1.7, p = 0.01], while no other single item of the HAM-D or the Beck Depres- 
sion Inventory was associated with treatment response. The agitation score had an overall 
precision of 78% in predicting response in a receiver operating characteristic (ROC) analy- 
sis (area under the curve, AUC = 0.87). These data provide a link between response to 
botulinum toxin treatment with a psychomotor manifestation of depression and thereby 
indirect support of the proposed facial feedback mechanism of action. Moreover, it sug- 
gests that patients with agitated depression may particularly benefit from botulinum toxin 
treatment. 
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INTRODUCTION 

Botulinum toxin treatment of the face can impact on mood and 
affect. After injection of the glabellar region recipients reported an 
increase in emotional well-being ( 1 ) and a reduction in the lev- 
els of negative emotions such as fear and sadness (2). Currently, 
five studies have investigated the clinical use of botulinum toxin 
injection to the glabellar region in the treatment of depression. 
All 10 participants in an open case study experienced remission 
of depression or at least marked reduction in its symptoms (3). 
Subsequently, in the first randomized, controlled trial (RCT) we 
showed that a single treatment of the glabellar region with onabot- 
ulinumtoxinA may lead to a strong and sustained alleviation of 
major depression symptoms that had not improved sufficiently 
through previous antidepressant medication and these findings 
were confirmed in two other RCTs (4-6). Improvement in the 
symptoms of depression was also observed in a recent open study 
(7). Not all patients in our study responded to botulinum toxin 
treatment (number needed to treat, NNT = 2.13), however, the 
response rate of 60% in the verum group was high, especially 
for patients with partly chronic and treatment-resistant depres- 
sion. With view to future personalized or stratified approaches 



in the management of depression, it would be helpful to identify 
predictors of response to botulinum toxin treatment (8). We con- 
ducted our study based upon the facial feedback hypothesis, which 
implies that negative emotions associated with depression are 
maintained and reinforced by proprioceptive afferences from the 
facial muscles that express these emotions. The interruption of 
this feedback loop by the paralysis of the respective muscles may 
accomplish the mood-lifting effect of botulinum toxin. Therefore, 
it seems likely that the intervention may be particularly effective 
in depressed patients with a high baseline activity of the tar- 
geted muscles. Facial features like frown lines or specifically the 
"omega melancholicum" and Veraguth's folds are possible clinical 
manifestations of this activity and are associated with agitation, 
i.e., a generalized increase in dynamic psychomotor activity in 
depression (9). 

To test the hypothesis that increased psychomotor activity 
in general and in the glabellar region of the face in particular 
may predict response of depression to botulinum toxin treat- 
ment, we investigated, whether baseline agitation and frown line 
severity were associated with treatment outcome measures in 
our trial. 
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FIGURE 1 I Higher baseline agitation in responders. Responders (Res ±, 
n = 9) had significantly liigher baseline scores in the agitation item (item 9) 
of the HAM-D than participants who did not fulfill the response criterion 
[Res.-, n = 6; 1.56±0.88vs. 0.33±0.52, tn3, = 3.04, d=^.l. p = 0.01** 
(A)]. Participants with higher agitation scores at baseline (HA) tended to 
have a greater improvement in the HAM-D,, score (A HAM-D,,) compared 
to those with lower agitation scores [LA, n= 10; 14.2 ± 1.92 vs. 8.0 ±9.37, 
w„3, = 2.01, d = 0.92, p = 0.07 (B)]. 



MATERIALS AND METHODS 

The original RCT (ClinicalTrials.gov, NCT00934687) was con- 
ducted at two centers in Switzerland and Germany as previously 
described [open access at http://www.sciencedirect.com/science/ 
article/pii/S00223956 12000386; Ref. (4)]. It had the approval of 
the local ethic committees and the regulatory authorities. In brief, 
30 eligible, predominantly female outpatients with an average age 
of about 50 years with moderate and partly chronic and treatment- 
resistant unipolar depression and presence of frown lines gave 
informed consent to receive adjunctive injections of either onabot- 
ulinumtoxinA (Vistabel®, Botox® Cosmetic, Allergan) or a saline 
placebo to the glabellar region. Participants were assessed using 
the German versions of the Structured Interview Guide for the 
Hamilton Depression Rating Scale with Atypical Depression Sup- 
plement (SIGH-ADS) (10), the Beck Depression Inventory (BDI) 
self-rating questionnaire, the Clinical Global Impressions Scale 
(CGI), and a four-point Clinical Severity Score for Glabellar 
Frown Lines (CSS-GFL) (11). Treatment response was defined as 
a >50% reduction after 6 weeks, which was the primary end point 
of the trial. 

Here, we re-assessed our data in a single item analysis of 
the depression scales: in the verum group and separately in the 
placebo group, responders and those who did not fulfill the 
response criteria were compared for the collected baseline char- 
acteristics including single item scores of the HAM-D scale and 
the BDI applying Student's f-tests or Welch-test for continu- 
ous, and Fisher's exact tests for categorical variables. All tests 
were two-sided and variance is reported as standard deviation. 
Effect sizes are reported as Cohen's d. A receiver operating char- 
acteristic (ROC) curve analysis was performed to estimate the 
sensitivity, specificity, and overall precision of the baseline HAM- 
D agitation item (item 9) score (O = "none," 1 = "fidgetiness," 
2 = "playing with hands, hair, etc.," 3 = "moving about, cannot 
sit still," and 4 = "hand wringing, nail biting, hair pulling, biting 
of lips") in predicting treatment response. According to the deter- 
mined cut-off, participants were classified into a lower agitation 
(<1, LA) and a higher agitation (>2, HA) group. For a more 
precise assessment of glabellar frown line severity, we introduced 
intermediate steps to the CSS-GFL and ranked all 30 participants 
of the study according to their individual frown line severity at 
maximum frowning (1 = strongest, 30 = weakest frown line). Test 
results with unadjusted p-values of <0.05 were considered sig- 
nificant. Statistical analyses were conducted using SPSS 19.0 for 
Windows. 

RESULTS 

The participants who received onabotulinumtoxinA treatment 
(n=15) and were responders (n = 9) had significantly higher 
baseline scores in the agitation item of the HAM-D scale 
than participants who did not fulfill the response criterion 
[n = 6; 1.56 ± 0.88 vs. 0.33 ± 0.52, t(i3) = 3.04, d=lJ,p = 0.01, 
Figure lA]. Response was not associated with baseline scores 
of any other HAM-D item. Hence, in the BDI, which does not 
assess agitation, no baseline score of any item was associated with 
response (Table SI in Supplementary Material). Baseline agita- 
tion scores did not differ significantly between the verum and the 
placebo group [1.07±0.96 vs. 0.87±1.06, f(28)=0.54, d = Q.2, 



p = 0.59] and were not associated with response in the placebo 
group [1.0± 1.41 vs. 0.85± 1.07, t(i3) = 0.18, d = 0.2, p = 0.86]. 

An ROC curve analysis revealed that the baseline agitation score 
was a good predictor of response (Figure 2A): the area under the 
curve (AUG) was 0.87 (95% CI = 0.69-1.05, p = 0.02). With a 
sensitivity of 100% (1.0, 95% CI = 0.54-1.0) and a specificity of 
56% (0.56, 95% CI = 0.21-0.86), a cut-off between 1 and 2 (1.5) 
achieved the best overall precision (78%). Accordingly, all patients 
in the verum group with a baseline agitation score of >2 (HA, 
« = 5) but only a minority of those with a baseline agitation score 
of <1 (LA, n= 10) attained response (100 vs. 40%, risk ratio = 2.5, 
95% CI = 1. 1 7-5.34, p = 0.04, Table 1). HA participants tended to 
have a greater improvement in the HAM-D17 total score from 
baseline to the visit after 6 weeks (A HAM-D17) compared to 
LA participants [14.2 ± 1.92 vs. 8.0 ± 9.37, W(i3) = 2.01, d = 0.92, 
p = 0.07, Figure IB] and there was a trend toward a correlation 
of baseline agitation scores with A HAM-D17 (r = 0.45,p = 0.10, 
Figure 2B). 

There was only a non-significant reduction in the agitation 
score from baseline to the visit after 6 weeks (A HAM-D-9) in 
the verum group [from 1.07±0.96 to 0.67±1.11, f(i4) = 1.57, 
p = 0.14] , which was driven by the HA sub-group [from 2.2 ± 0.45 
to 1.2± 1.11, f(4) = 2.24, p = 0.09]. 

Baseline severity of glabellar frown lines as a possible 
facial correlate of psychomotor activity was not associated 
with response. Neither the original CSS-GFL [2.22 ± 0.44 vs. 
2.17 ±0.41, f(i3)= 0.254, d = Q.l2, p = 0.81] nor the modified 
version with the newly introduced intermediate steps [2.22 ± 0.5 1 
vs. 2.0 ±0.77, f{i3)=0.68, d = 0.34, p = 0.51] nor the average 
rankings [15.67 ±7.09 vs. 21.33 ±9.73, f(i3) = 1.31, d = OM, 
p = 0.21] differed between responders and those who did not 
respond in the verum group. The change in the CSS-GFL between 
baseline and the visit after 6 weeks (A CSS-GFL) was similar 
between the two groups [0.89 ± 0.33 vs. 0.83 ±0.41, f (13) = 0.29, 
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FIGURE 2 I Prediction of response by baseline agitation. ROC curve for 
the baseline scores in the agitation item of the HAM-D as a predictor of 
response [AUC = 0.87, 95% CI = 0.69-1.05, p = 0.02 (A)] correlation of 
baseline agitation scores with improvement in the HAM-D17 total score (A 
HAM-D, 7) from baseline to the visit after 6weeks [r = 0.45, p = 0.10 (B)l. 



Table 1 | Association of agitation with response. 







Agitation 




Response 


HA (%) 




LA {%) 


+ 


5 (100) 




4 (40) 




0(0) 




6 (60) 



Fisher's exact testp= 0.04, risk ratio=2.5, 95% Cl= 1 17-5.34. 
Distribution of tiie patients of the verum group according to baseiine agitation 
(HA, LA) and response. Ail l-IA participants are responders, indicating a positive 
predictive value of higher agitation at baseline for response to onabotulinumtoxinA 
treatment. Conversely, lower agitation at baseline does not preclude response. 



d = 0.l6, p = 0.78]. However, we found a correlation of the base- 
line score in the modified version of the CSS-GFL and of the 
baseline rank of frown line severity with improvement in the 
HAM-D 17 total score from baseline to the visit after 16 weeks 
(r = 0.51, p = 0.05; r = —0.68, p = 0.01). These correlations were 
not significant at the primary end point after 6 weeks (r = 0.31, 
p = 0.26; r = —0.46, p = 0.08). Glabellar frown line severity was 
not associated with agitation (p > 0.08). 



DISCUSSION 

Using an RCT design, we previously demonstrated that treatment 
of the glabellar region with onabotulinumtoxinA can reduce the 
symptoms of major depression (4). 

The mechanisms underlying this clinical effect are unknown. 
However, a facial feedback mechanism is supported by other stud- 
ies that show effects of botulinum toxin treatment on emotional 
perception (12-14), as well as by experiments in which facial mus- 
cle activity was influenced by other means (15-17). Accordingly, 
we hypothesized that clinical improvement in depression would 
most likely be mediated by a modification of direct proprioceptive 
feedback induced by a reduction of primarily increased facial mus- 
cle activity. Thus, patients with high base levels of glabellar muscle 
activity may benefit more from the treatment than patients with 
low base levels of such activity. High activation levels may mani- 
fest in facial features like frown lines and specifically the "omega 
melancholicum," which is associated with psychomotor agitation 
in depression (9). In support of our hypothesis, we showed that 
responders to botulinum toxin treatment had higher agitation 
levels at baseline than participants who did not respond to the 
treatment and that a higher baseline level of agitation, as measured 
by the item 9 of the HAM-D scale (> 1), had a good positive pre- 
dictive value referring to response to botulinum toxin treatment 
in our study (18). However, a lower baseline level of agitation 
(<1) did not preclude response. These findings were specific to 
agitation as no other single item was associated with response. 
Agitation was associated with response only in the verum but not 
in the placebo group and, therefore, not a general indicator of a 
better outcome in our sample. Association of psychomotor symp- 
toms with treatment outcome has been observed before; however, 
these observations were inconsistent (19). Floor effects in the LA 
participants may explain the non-significant A HAM-D-9. Some 
reduction in the item 9 score after treatment was conferred by the 
HA patients. This suggests that agitation was probably rather a 
psychomotor state marker of depression than a psychomotor trait 
of the respective individuals. 

The described association of agitation with response is in 
line with facial feedback as a possible mechanism underlying the 
observed clinical improvement, because it links the improvement 
to a psychomotor endophenotype of depression that may com- 
prise facial muscle activation patterns targeted by the treatment. 
At the same time, the retrospective identification of a predictor for 
response within the verum group that is mechanistically plausible 
may be regarded as an argument against a major role of placebo 
effects. 

We found only a weak link between glabellar frown line sever- 
ity at baseline with clinical improvement in depression. Although 
frown line severity may not necessarily directly reflect the actual 
facial muscle activity, it is probably influenced by an individual's 
facial psychomotor history. Thus, this link may also support a facial 
feedback mechanism of action. The ability to produce a moderate 
frown line at maximum frowning was an inclusion criterion in 
our study (4). This may have led to a reduction in the variability 
of frown line severity in our sample and to an underestimation of 
its correlation with improvement in depression. In another RCT, 
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frown line severity was not an inclusion criterion and in this trial 
there was a trend toward association of reduction in frown line 
severity and improvement in depression (5). The "omega melan- 
cholicum" is associated with agitation in depression (9). However, 
we did not observe association of frown line severity with agitation 
in the participants of our study. In future studies, a more thorough 
and more direct assessment of facial muscle activity should be 
applied: facial electromyography and standardized video record- 
ings, which can be evaluated using, e.g., the facial action coding 
system (FACS) (20) maybe used to investigate if facial psychomo- 
tor features can predict response of depression to botulinum toxin 
treatment and customize its dosage and injection sites. 

A limitation of the present study is the rather low number 
(«=15) of participants. Thus it cannot be excluded, that the 
observed association of agitation with response is a statistical type 
I error. Driven by the hypothesis that a psychomotor phenotype 
with increased activity may show a better response, we investigated 
primarily the association of response and agitation and frown line 
severity. We acknowledge that a higher response rate in partic- 
ipants with higher agitation levels at baseline was not a stated 
prediction of the original study. Thus, the association of agita- 
tion with response would not remain significant, if we applied a 
Bonferroni correction for the multiple comparisons we did when 
we looked at the other single items of the HAM-D and the BDI 
scales and the other baseline variables to assess the specificity of the 
observed association. Therefore, our observation needs to be con- 
firmed in further and larger studies. In the meantime, we had the 
opportunity to verify our finding in another recent RCT on botu- 
linum toxin in the treatment of depression that used the HAM-D 
scale (6). In this trial, only one of the 28 recipients of botulinum 
toxin injections had an HA score at the baseline of the treatment 
period and she turned out to be a responder. One may specu- 
late that the relative lack of HA subjects could partly explain the 
slightly lower overall response rate in this study. 

The identification of agitation as a predictor of response may 
be helpful in the development of stratified medicine approaches 
in the treatment of depression. Notably, our patients did not have 
overt agitated depression but only varied in their agitation scores 
in the HAM-D scale. Hence, none of the participants scored 4 
in the agitation item. It is possible that patients with clinical 
agitated depression may respond particularly well to botulinum 
toxin treatment, which corresponds to our personal clinical expe- 
rience. Moreover, our findings suggest that glabellar injection of 
botulinum toxin may also be effective as a treatment of other psy- 
chiatric disorders associated with negative emotions and increased 
psychomotor activity. 

AUTHOR CONTRIBUTIONS 

M. Axel Wollmer was the principal investigator in Basel, Switzer- 
land. He conceived the hypothesis, wrote the manuscript, and 
calculated statistics. Nadeem Kalak computed study data and 
calculated statistics. Stefanie Jung helped with statistics and pre- 
pared tables. Claas de Boer computed study data. Michelle Magid 
and Jason S. Reichenberg contributed data to the discussion 
of the manuscript. Serge Brand advised and supervised with 
statistical analyses. Edith Holsboer-Trachsler contributed to the 
design of the original study and to the discussion of the paper. 



Tillmann H. C. Kruger was the principal investigator in Hannover, 
Germany. He contributed to the writing of the manuscript and 
prepared all figures. All authors reviewed the manuscript and have 
given approval of its publication. 

ACKNOWLEDGMENTS 

We thank the Gottfried and Julia Bangerter-Rhyner-Stiftung, Bern, 
Switzerland and the Brain and Behavior Research Foundation, 
New York, NY, USA for funding. We should also like to thank 
Gilian Tenbergen for linguistic revision of the manuscript. 

SUPPLEMENTARY MATERIAL 

The Supplementary Material for this article can be found online 
at http://www.frontiersin.org/Journal/10.3389/fpsyt.2014.00036/ 
abstract 

REFERENCES 

1 . Sommer B, Zschocke I, Bergfeld D, Sattler G, Augustin M. Satisfaction of patients 
after treatment with botulinum toxin for dynamic facial lines. Dermatol Surg 
(2003) 29:456-60. doi:10.1046/j. 1524-4725.2003.291 13.x 

2. Lewis MB, Bowler PJ. Botulinum toxin cosmetic therapy correlates with a more 
positive mood. JCosmet Dermatol (2009) 8:24-6. doi:10.1 1 1 1/j. 1473-2165.2009. 
00419.x 

3. Finzi E, Wasserman E. Treatment of depression with botulinum toxin A: a case 
series. Dermatol Surg (2006) 32:645-9. doi:10.1111/j.l524-4725.2006.32136.x 

4. Wollmer MA, de Boer C, Kalak N, Beck J, Gotz T, Schmidt T, et al. Facing depres- 
sion with botulinum toxin: a randomized controlled trial. J Psychiatr Res (2012) 
46:574-81. doi:10.1016/j.jpsychires.2012. 01.027 

5. Finzi E, Rosenthal NE. Treatment of depression with onabotulinumtoxinA: 
a randomized, double-blind, placebo controlled trial. / Psychiatr Res (2014) 
52: 1-6. doi: 1 0. 101 6/j.jpsychires.20 13.11 .006 

6. Magid M, Reichenberg JS, Poth PE, Robertson HT, LaViolette AK, Kruger TH, 
et al. The treatment of major depressive disorder using botulinum toxin A: a 
24 week randomized, double-bHnd, placebo-controlled study. / Clin Psychiatry 
(2014). 

7. Hexsel D, Brum C, Siega C, Schilling-Souza J, Forno TD, Heckmann M, et al. 
Evaluation of self-esteem and depression symptoms in depressed and nonde- 
pressed subjects treated with onabotulinumtoxinA for glabellar lines. Dernmtol 
Surg (2013) 39:1088-96. doi:10.1111/dsu.l2175 

8. Cuijpers P, Reynolds CF III, Donker T, Li J, Andersson G, Beekman A. Per- 
sonalized treatment of adult depression: medication, psychotherapy, or both? 
A systematic review. Depress Anxiety (2012) 29:855-64. doi:10.1002/da.21985 

9. Greden JF, Genero N, Price HE. Agitation-increased electromyogram activity 
in the corrugator muscle region: a possible explanation of the "Omega sign"? 
Am J Psychiatry (1985) 142:348-51. 

10. Williams JBW, Terman M. Structured Interview Guide for the Hamilton Depres- 
sion Rating Scale with Atypical Depression Supplement (SIGH-ADS). New York: 
New York State Psychiatric Institute (2003). 

1 1 . Honeck P, Weiss C, Sterry W, Rzany B. Gladys study group. Reproducibility of a 
four-point clinical severity score for glabellar frown lines. Br I Dermatol (2003) 
149:306-10. doi:10.1046/j.l365-2133.2003.05436.x 

12. Havas DA, Glenberg AM, Gutowski KA, LucareUi MJ, Davidson RJ. Cosmetic 
use of botulinum toxin-A affects processing of emotional language. Psychol Sci 
(2010) 21:895-900. doi:10.1177/0956797610374742 

13. Hennenlotter A, Dresel C, Castrop F, CebaUos-Baumann AO, Wohlschlager AM, 
Haslinger B. The link between facial feedback and neural activity within central 
circuitries of emotion - new insights from botulinum toxin-induced dener- 
vation of frown muscles. Cereb Cortex (2009) 19:537-42. doi:10.1093/cercor/ 
bhnl04 

14. Neal DT, Chartrand TL. Embodied emotion perception: amplif/ing and damp- 
ening facial feedback modulates emotion perception accuracy. Soc Psychol Per- 
sonal Sci (2011) 2:673-8. doi:10.1177/1948550611406138 

15. Larsen RJ, Kasimatis M, Frey K. Facilitating the furrowed brow: an unobtrusive 
test of the facial feedback hypothesis applied to unpleasant affect. Cogn Emot 
(1992) 6:321-38. doi:10.1080/02699939208409689 



Frontiers in Psychiatry | Affective Disorders and Psychosomatic Research 



March 2014 | Volume 5 | Article 36 | 4 



Wollmer et al. 



Botulinum toxin, depression, and agitation 



16. Lewis MB. Exploring the positive and negative implications of facial feedback. 
Emotion (2012) 12:852-9. doi:10.1037/a0029275 

17. Strack R, Martin LL, Stepper S. Inhibiting and facilitating conditions of facial 
expressions: a nonobstrusive test of the facial feedback hypothesis. J Pers Soc 
Psychol (1988) 54:768-77. doi:10.1037/0022-3514.54.5.768 

18. Hagen MD. Test characteristics. How good is that test? Prim Care (1995) 
22:213-33. 

19. Schrijvers D, Hulstijn W, Sabbe BG. Psychomotor symptoms in depression: 
a diagnostic, pathophysiological and therapeutic tool. / Affect Disord (2008) 
109:1-20. doi:10.1016/j.jad.2007.10.019 

20. EkmanP, Friesen WV. Facial Action Coding System: A Technique for the Measure- 
ment of Facial Movement. Palo Alto: Consulting Psychologists Press (1978). 

Conflict of Interest Statement: M. Axel Wollmer received honoraria for talks fi^om 
Merz, Eli Lilly, and Novartis. Edith Holsboer-Trachsler received research grants from 
Actelion, Cephalon, Eli Lilly, Essex/MSD, Servier, and Vifor, received compensation 
for CME activity from AstraZeneca, Bristol-Myers Squibb, Eli Lilly, Essex/MSD, Per- 
mamed, Pfizer, Servier, and Vifor, and is a member of the advisory boards of Eli Lilly, 
Lundbeck, Pfizer, and Servier. Tilhnann H. C. Kruger received honoraria for talks 
from Boehringer, Servier, Pfizer, and Ferring. These activities were all unrelated to 
the study. In April 2012, i.e., after conclusion and publication of the study, M. Axel 



Wollmer and Tillmann H. C. Kruger became members of the advisory board of 
AHergan. In November 2012, Michelle Magid became a consultant with AHergan. 
Nadeem Kalak, Stefanie Jung, Claas de Boer, Jason S. Reichenberg, and Serge Brand 
declare no confhct of interest. 



Received: 19 February 2014; paper pending published: 25 February 2014; accepted: 18 
March 2014; published online: 31 March 2014. 

Citation: Wollmer MA, Kalak N, Jung S, de Boer C, Magid M, Reichenberg JS, Brand 
S, Holsboer- Trachsler E and Kruger THC (201 4 ) Agitation predicts response of depres- 
sion to botulinum toxin treatment in a randomized controlled trial. Front. Psychiatry 
5:36. doi: 10.3389/fpsyt.2014.00036 

This article was submitted to Affective Disorders and Psychosomatic Research, a section 
of the journal Frontiers in Psychiatry. 

Copyright © 2014 Wollmer, Kalak, Jung, de Boer, Magid, Reichenberg, Brand, 
Holsboer-Trachsler and Kruger. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License (CC BY). The use, distribution or 
reproduction in other forums is permitted, provided the original author(s) or licensor 
are credited and that the original publication in this journal is cited, in accordance with 
accepted academic practice. No use, distribution or reproduction is permitted which 
does not comply with these terms. 



www.frontiersin.org 



IVIarch 2014 | Volume 5 | Article 36 | 5 



